The first result of the pp2pp experiment at RHIC on elastic scattering of polarized protons at √ s = 200 GeV is reported here. The exponential slope parameter b of the diffractive peak of the elastic cross section in the t range 0.010 ≤ |t| ≤ 0.019 (GeV/c) 2 was measured to be b = 16.3 ±1.6 (stat.) ± 0.9 (syst.) (GeV/c) −2 .
Although elastic scattering has been measured in pp collisions up to √ s = 1.8 TeV, the highest energy pp data reach only to 63 GeV. We present here the first measurement of the slope parameter b in forward proton-proton elastic scattering obtained by the pp2pp experiment at the Relativistic Heavy Ion Collider (RHIC) at √ s = 200 GeV.
The pp2pp experiment [1] is designed to measure polarized pp elastic scattering at RHIC, which will provide proton beams with polarizations of 0.7 and luminosities up to 2 × 10 32 cm −2 sec −1 . The main goal of the experiment is to study the spin dependence of elastic scattering in the squared four-momentum transfer range 4×10 −4 ≤ |t| ≤ 1.3 (GeV/c) 2 and 50 ≤ √ s ≤ 500 GeV.
By measuring elastic scattering of polarized protons in the nonperturbative regime of QCD at RHIC, one has a unique opportunity to probe the spin structure of the nucleon and of the exchanged mediators of the force, the Pomeron and its odd C-parity partner, the Odderon. The pp2pp experiment, part of the RHIC spin program, studies the physics of elastic scattering and diffractive dissociation. It addresses the main unsolved problems in particle physics-long range QCD and confinement.
The slope b for |t| ≤ 0.5 (GeV/c) 2 is inherently sensitive to the exchange process, and its dependence on √ s will allow to distinguish among various QCD based models of hadronic interactions. Some interesting features of b observed in pp are not yet confirmed in pp elastic scattering. In general, the forward peak does not show a simple exponential behavior. The t distribution becomes less steep as |t| increases from 0.02 (GeV/c) 2 to 0.20 (GeV/c) 2 , although at the highest Tevatron energies this was not observed. It is therefore of interest to see the b behavior in the RHIC energy range, and also to compare the b-values for pp and pp elastic scattering. It is expected that they are the same at high energies. However the √ s domain of RHIC is where the difference between pp and pp can still be observed.
In RHIC the two protons collide at the interaction point (IP), and since the scattering angles are small, scattered protons stay within the beam pipe of the accelerator. They follow trajectories determined by the accelerator magnets until they reach the detectors, which measure the x, y coordinates in the plane perpendicular to the beam axis. The coordinates are related by the beam transport equations to the corresponding quantities at the IP: accepted. This reduced the event sample by another 3.2%, giving a total of 153,000 elastic events for this arm. A similar analysis was carried out for arm B, but because of the noise level being considerably higher, it was used only for consistency checks, but not included in the final analysis presented here.
For each event the scattering angle θ and azimuth φ were calculated for each proton and then averaged. The scattering angle is related to the square of the four-momentum transfer,
A restriction of the φ range leads to a uniform geometric acceptance in a limited t-range. For 45
• that range is 0.010 ≤ |t| ≤0.019
(GeV/c) 2 . In Fig. 3 the correlation between t and φ is shown for reconstructed events. The determination of the slope parameter b is confined to the t region for which no acceptance correction is required. The final selection therefore yields 58,511 events. dN/dt distribution resulting from the φ-cut is shown in Fig. 4 together with the acceptance function obtained from Monte Carlo studies.
The differential cross section dσ/dt for elastic scattering in the forward angle region is determined by Coulomb and nuclear amplitudes and the interference term between them.
The cross section is given by (see for example Ref. [5] )
with α the fine structure constant, G E the electric form factor of the proton, ∆Φ the Coulomb phase [6] , ρ the ratio of the real to imaginary part of the forward scattering amplitude, σ tot the total cross section, and b the nuclear slope parameter. The dominant contribution in our t region is the second term in this expression.
A least squares fit was performed to the distribution of Fig. 4 using Eq. (2) with b and a normalization constant as free parameters. Since the total cross section and ρ have not been measured in this energy range, we have used values of σ tot = 51.6 mb [7] and ρ = 0.13 [8] . These values of σ tot and ρ come from fits to the existing pp data taken at energies below 63 GeV and world pp data. They also agree well with the predictions of other models [9] , [10] , [11] , and [12] .
The resulting slope parameter is
The evaluation of the systematic errors due to the uncertainty in beam emittance, vertex positions and spread, beam transport matrix elements, and incoming beam angles was based on Monte Carlo simulations. These simulations used the geometry of the experimental setup and efficiency of the detectors as an input. The largest single source of the systematic error was the uncertainty of the initial colliding beam angles.
While the horizontal component of a possible initial angle has a negligible effect on the t-distribution, the vertical component leads to an uncertainty in the absolute value of t for the reconstructed protons. This possible shift of the t-distribution scale was studied with the Monte Carlo simulation, using upper limits on the initial beam angle obtained from data. This resulted in an uncertainty on the fitted slope parameter of about 5%.
Since the fit for the slope parameter b uses nominal values for ρ and σ tot our sensitivites to variations in those parameters are found to be δb/δρ = −16 (GeV/c) −2 and δb/δσ tot = −.018
(GeV/c) −2 /mb, respectively. Therefore changes in ρ and σ tot in the order of 10 % result in changes of b which are negligible compared to statistical errors.
An independent analysis of the data was performed using different selections of hits and elastic events. In particular, a t-dependent cut on φ was applied, which allowed an increase in the t range and the number of accepted elastic events. The b slope values obtained from both analyses agree within statistical errors.
Our result for the slope parameter b is shown in Fig. 5 together with the world data on elastic pp and pp scattering. This result is about one standard deviation higher than an extrapolation of world data to the energy of this experiment [7] , [9] , [10] . It agrees well with model predictions [12] , [13] .
In the future, a full complement of two sets of Roman Pot detector pairs will be used, two pairs at each side of the IP, to allow a direct measurement of the scattering angles. This will reduce the systematic error due to the uncertainty of the vertex position. An expected increase of the RHIC luminosity will result in a reduction of the statistical error and will make the studies of the polarized observables A N and A N N feasible. 
